A laboratory study was planned to delineate the benefits of some low-cost soil amendments on Nickel (Ni) stabilization in a Ni-spiked soil. Six different kinds of amendments were evaluated by desorption kinetic test and sequential extraction procedure to determine their ability to reduce mobility of Ni in a Ni-spiked soil. The Ni-spiked soil was separately incubated with coal fly ash (CFA), rice husk biochars prepared at 300°C (B300) and 600°C (B600), municipal solid waste compost (MSWC), zero valent iron (Fe 
, with low solubility (Alloway, 2013) . Nickel in soils is slightly mobile and associated with residual fraction (KabataPendias and Mukherjee, 2007) . The stabilization of heavy metals-contaminated soils using contaminantimmobilizing amendments is a remediation procedure practical to decrease element dynamic in soils (Zhao et al., 2014) . Stabilization of pollutants in soil can be achieved by adsorbing, complexing or precipitating of heavy metals. Heavy metals mobility is controlled by sorption and desorption characteristics of soil (Zhao et al., 2014) . The desorption rate constants of heavy metals in soils can be related to its mobility and toxicity (Violante et al., 2008) . In addition, the study of desorption kinetics can predict how the pollutants are transferred from the solid phase to the liquid phase (Jalali and Sajaditabar, 2013) . Sequential extraction methods are applied to give qualitative and quantitative information about chemical forms of metals in soils (Jalali and Rostaei, 2011) . However, fractionation of heavy metals by selective sequential extractions is practical, but previous studies showed that chemical extractants used in sequential extractions methods are not completely selective and specific (Saffari et al., 2009) , and readsorption and redistribution of metal ions after release can occur (Saffari et al., 2009) . In last decade, researchers have preferred to apply kinetic methodologies rather than the conventional sequential extraction techniques for evaluation of heavy metals behavior. Santos et al., (2010) explained that dynamic of heavy metals depends not only on their distribution among several species, but also on the dynamic properties of those species, such as chemical rate constants and diffusion coefficients. Hence, methodologies involving the kinetic fractionation of heavy metals in soils and sediments have been developed (Santos et al., 2010; Jalali and SajadiTabar, 2013) . Bioavailability of heavy metals in soil is directly impactedby residence time (Jalali and khanlari, 2008 
Materials and Methods

Soil sampling and analysis
Soil sample was collected from the 0-30 cm depth of a calcareous soil (Fine, mixed, mesic, FluventicCalcixerepts) from agricultural fields located in College of Agriculture, Bajgah, Shiraz, Fars Province, Iran. Soils was air-dried and passed through a 2 mm sieve. Soil texture, pH, electrical conductivity (ECe), percentage of calcium carbonate equivalent (CCE),cation exchange capacity (CEC), andorganic matter (OM) determined using standard methods (Sparks et al., 1996) .Plant-available of heavy metals were extracted by DTPA and determined by atomic absorption spectrophotometer. Total contents of heavy metals were determined using 4M HNo 3 . The related properties of soil are presented in Table 1 . and S4 (CFAat 2 and 5 %), S5 and S6 (B300 at2 and 5 %), S7 and S8 (B600at 2 and 5 %), S9 and S10 (Fe 0 at2
and 5 %), S11 and S12 (Mn 0 at 2 and 5%). A control treatment (Control) with no amendment addition was also prepared. Each treatment was carried out in triplicates.
Figure1. FTIR spectra of rice husk before pyrolysis (B0), and after pyrolysis (B300 and B600).
Sequential extraction procedures
Chemical distribution of Ni in soil was determined using singh et al., (1988) method. The procedure was designed to separate Ni into seven fractions.
Residual form (Res) is calculated by subtracting sum of six fractions from total Ni. Outline of the method is presented in Table 2 . Also, the mobility of Ni was assessed by a "mobility factor" which calculated according to the equation: (EX+Car/sum of fractions)×100.
Kinetics Studies
For Ni desorption studies, 5 g of air-dried was placed in polyethylene tubes and extracted with 25 ml of 0.01 M EDTA at pH 7.0. Samples were shaken for periods of 0.08 0.08, 0.25, 0.58, 1.25, 2.25, 4.25, 8.25, 16.25, 30.25, 54.25, 102.25, 150, 300, 450, 700, 1000, 1400, and 2000 h) at 25±2°C and then centrifuged immediately at 2500 rpm. The samples were filtered through Whatman 42 filter paper and Ni concentration was determined using atomic absorption spectrophotometer (Shimatzu AA-670G). Different kinetic equations were used to describe desorption of Ni in soils (Table 3 ). 
Model fitting to kinetic data
A two first-order reaction model can divide heavy metal into three fractions (Santos et al., 2010; Jalali and Sajadi Tabar, 2013) , Q 1 , Q 2 and Q 3 , where:
q represents amount of metal released at time t.
): "labile" fraction, readily extractable, associated to the rate constant k 1 .
Q 2 (mg kg were used as criteria for the selection of the best-fitted models. The standard error was calculated as follows:
Where E and E′ are the measured and calculated amounts of Ni release in soil at time t, respectively, and n is the number of measurements.
Statistical analysis
The regression of linear, nonlinear procedure and other statistical analyses were calculated by Microsoft
Excel 2010 and SPSS V19. as carboxylic bonds and aromatic C=O ring stretching (likely -COOH) was higher than B300, which increased its pH. days'incubation, could be due to high sorption affinity of Ni for Fe oxides (Rajaie et al., 2008) . The change in chemical forms of heavy metals with time into less soluble forms reported by others (Jalali and Rostaei, 2011; Jalali and Khanlari, 2008) .In soil samples, Ni was strongly bound with Res fraction, which was in agreement with otherstudies (Jalali and SajadiTabar, 2013; Rajaie et al.,2008) . Significant reductions in Saffari et al. In control soil, the mobility factor was 35.17% and 28.09% for 45 and 90 days'incubation, respectively.
Chemical forms of Ni affected by aging and amendments
In soil samples, the lowest mobility factor was associated with Fe 0 5%
. The mobility factors in S1-S12 immediately after application to soil Rostaei, 2011, Rajaie et al., 2008) . Ainsworth et al., (1994) , respectively for 90 days' incubation.
Release of Ni affected by amendments
Ni solution could be adsorbed to any of the surfaces soil solid phases, including layered silicates, Fe (Al) and Mn-OXides and organic substances (Arai, 2008) .
Fe and Mn-Oxides and hydroxides have an important role in retention, mobility and bioavailability of metals in contaminated soils (Kumpiene et al., 2008) . Increasing iron oxides decreased heavy metals mobilization (Friesl et al., 2006 , Kumpiene et al., 2008 . Kumpiene et al., (2006) showed the functional groups such as carboxylic bonds and aromatic C=O ring stretching (likely -COOH) was higher than B300, which increased its pH. It was expected that, biochars (especially produced at high temperature) could reduce Ni release considerable. Due To the fact that used soil in present study is calcareous, it seems that higher calcium carbonate content (41%), probably was the main reason that biochar application could not efficiently affect immobilization of Ni. Among the amendments evaluated, application of Mn 0 resulted in the highest reduction Ni desorption in both of incubation times.
Equations and model fitting to kinetics of Ni desorption
The trends in cumulative Ni release in soil sampleswere similar. Initial rate of Ni desorption was fast but declined until reached equilibrium (Figure 3cd ). Desorption of Ni in all soil samples showed that 50% of total Ni desorbed within 16.25
h. Kirpichtchikova et al., (2006) concluded that initial fast release of heavy metals from soil can be related to water-soluble fraction and adsorption sites with lower bonding energy. On the other hand, slower desorption of metals depend on less mobile forms and to the dissolution of mineral constituents of soil (Polettini et al., 2007) . Biphasic pattern of heavy metals desorption was observed by other (Sadegh et al., 2012; Jalali and Sajadi Tabar, 2013 Ghasemifasaei et al., (2013) studied kinetics of Ni desorption from calcareous soils and reported that power function, first order, and second order equations were the best-fitted equations used to describe Ni desorption. Increasing order of reaction from zero to third caused the R 2 decreased in soils studied, which reported by Sadegh et al. (2012) .
Amount of R 2 and SE in the Tables 4 and 5 more than control soil in 45 and 90 days' incubation. Kuo and Mikkelsen (1980) reported that increased in value of 'a' probably increased rate of zinc desorption from soils. This is in agreement with the assumptions made about the role of amendments in reductionNi desorption.The model of two first-order reactions were used by several researches (Santos et al., 2010; Jalali and SajadiTabar, 2013) . This model could be used as a kinetic methodology for metal speciation in soils and sediments. The model of two first-order reaction exhibited biphasic reaction: rapidly extracted followed by slowly extracted of metal. Hence, it was expected that this model could best be described
Ni desorption. This model approach indicates the quantity and the extraction rate of metal fractions (Santos et al., 2010) . Tables 4 and 5 (Table 6 ). There was a positive significant between Q 1 with EX form, K 1 with αs, 
Conclusions
In this study, the addition of coal fly ash, rice husk biochars prepared at 300°C and 600°C, municipal In general, present study showed that from the practical point of view, all amendments (except for biochar prepared at 600°C and municipal solid waste compost) were effective in Ni immobilization, however application of zerovalent iron and zero valent manganese at 5% rate (W/W) were the best treatments to Ni immobilization. Further work is required to evaluate synergetic effects of selected amendments on Ni stabilization, and it seems necessary to assess the relationship between Ni fractions as affected by selected amendment and plant uptake in calcareous contaminated soils.
